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2however, the setup is minimal, in particular, there are
no new elds which are charged under the MSSM gauge
group.
In [15], it was noted that the brane world scenario can
also serve as a setting for gauge mediation in which the
gravitino is not the LSP. Here, the point is evident that
it is natural to have messenger elds living on the brane
with contact interactions with the supersymmetry break-
ing sector. However, phenomenologically, this model re-
quired a very small coupling between messenger elds
and the SUSY breaking spurion.
In what follows we will adopt the brane world setup,
and we will assume the following features of the theory:
 As in most brane world SUSY breaking scenarios,
we will assume that MSSM matter elds live at one
orbifold xed point in a compact space with volume
O(10  100),
 We will assume that gauge elds propagate in the
extra dimension(s), although the gauginos need not
necessarily get masses by coupling to a singlet as
in gaugino mediation,
 As gauge elds propagate in the bulk, it is natural
to expect additional elds, charged under the SM,
to exist either localized on the brane where SUSY
is broken, or in the bulk.
II. GAUGE/ANOMALY MEDIATED SYZYGY
We will begin by studying the simplest case, in which
there are no singlets with F terms. The anomaly medi-
ated contribution to the slepton mass squared is negative.
However, we now have messenger elds which can alter
the slepton mass prediction.
Let us consider matter elds M and M , transforming
nontrivially under the MSSM gauge group, localized on
the supersymmetry beaking brane. Below the compacti-


































. These terms do not violate the
R-symmetry of the theory and will not contribute to the
gaugino masses. However, they will contribute to the soft
































is the mass of the messenger elds, S
Q
is
the Dynkin index of the messenger representation, and
C
ai
is the quadratic Casimir for the representation of the
MSSM matter eld in question. When the log terms are
































is the coeÆcient of the one-loop  function for
g
a
above the messenger scale.
When the messengers are localized on the SUSY break-

























the anomaly mediated contribution also occurs at two
loops, it will be smaller by the volume factor, which can
be O(10  100). Moreover, the messenger contribution
can receive a logarithmic enhancement relative to the
anomaly mediated contributions. The sign of the mes-
senger contribution depends on the sign of the nonrenor-
malizable operator, but can be positive.
To address the negative slepton mass squared problem,
while retaining the phenomenologically desirable feature
that gaugino and scalar masses are about the same size,
these eects should be comparable. One can simply as-
sume that the coeÆcients of the messenger/SUSY break-
ing contact operators are small to compensate for the
volume factor, but a more natural solution would be to
assume that the messenger elds themselves propagate
in the extra dimension, in which case the coeÆcients ; 
are suppressed by precisely this same volume factor. The
alignment or \syzygy" of these contributions appears for-
tuitous, because they have distinct origins. Yet within
this model, it occurs completely naturally. However, as
pointed out in ref. [18], in this case contact terms be-
tween messengers and MSSM elds could lead to avor
violation and FCNC at one loop, unless suppressed by a
mechanism for repelling the messengers from our brane.
Several such mechanisms were suggested in ref. [18].
III. MESSENGERS IN GAUGINO MEDIATION
If singlets with F terms exist on the SUSY breaking
brane, then gauge particles naturally have contact terms
with the singlet which give rise to supersymmetry break-
ing gaugino masses which dominate the anomaly medi-
ated contributions [2, 3]. We are now also allowing mes-
senger elds. What eects can we expect?
The rst important point is that the gaugino mass,
being localized on a brane, is volume suppressed [19]. If
the messengers are localized on the brane (as opposed
to propagating in the bulk, as discussed in the previous
section), then their contributions to scalar masses are
naturally larger than the gaugino mediated terms.
Let us assume that the messenger elds have masses at
some lower scale, m. Then the nonrenormalizable opera-
tors already described give rise to contributions modify-
ing the sfermion masses. In terms of the gravitino mass






































































The relative strength of these eects is then (taking the























 10, these can be of comparable size, dramat-
ically changing the spectrum of gaugino mediation. In
particular, if these eects are positive, the scalar masses
can be naturally heavier than the gaugino masses, lead-
ing to, e.g., a bino LSP over broader ranges of parameter
space. The bino is preferable to the stau as LSP since
stable charged relics are extremely constrained [20], while
a stable bino is an acceptable dark matter candidate.
Up to this point, we have only considered the eects of
non-holomorphic masses for the messengers. With mes-
sengers coupled to a singlet, we have the expectation of
additional holomorphic masses as well.
In particular, we must assume that the messengers are
suÆciently light compared with the fundamental scale of
the theory so that we can treat them within eective eld
theory. We will not explain the origin of their mass here,
but simply introduce a superpotential operator,
W  mMM (9)
Given the presence of the singlet eld X, we expect the






If the gaugino mass arose from an order one coupling to
X, this would lead to insignicant contributions to soft
masses. However the gaugino mass is volume suppressed,








. These terms will generate
contributions to the scalar and gaugino masses which are
of the conventional gauge mediated sort [21, 22, 23].










































so that these eects can be competitive. Of course, if
all the new pieces are simply proportional to gauge cou-
plings, these eects are consistent with a unied tree level
piece at some higher scale. The distinctions between this
case and traditional gaugino mediation come from the
additional contributions to the scalar masses from the
holomorphic terms and from eq. (7), both of which are
volume enhanced.
A.  and B
Brane world models such as gaugino mediation in
which the gravitino mass is comparable to the weak
scale have a natural solution to the  problem. If Higgs
elds propagate in the bulk, one can simply employ the
Giudice-Masiero mechanism [24] by coupling the Higgs
elds directly to the supersymmetry breaking elds [9].
However, even when the Higgs eld is localized to a brane
isolated from the supersymmetry breaking, it is trivial
















this generates both a  and B term. However,
in the limit of gauge-anomaly syzygy, in which case the
soft masses are down by a loop factor from the gravitino
mass, this is unworkable [1].
IV. PARAMETER SPACE AND
PHENOMENOLOGY
A complete treatment of the phenomenology of these
models will be left for future work, but we will briey
comment on the most signicant qualititative eects.
There are two main limiting cases. In the rst case, which
we refer to as \gaugino-like", the anomaly mediated con-
tributions are relatively small when compared with con-
tributions arising from singlets. In the second, \anomaly-
like" case, the gravitino is heavier than the weak scale by
a loop factor, and holomorphic mass terms are small.
A great advantage of the anomaly-like case over min-
imal anomaly mediation is that sleptons are not tachy-
onic. Still, the model is highly predictive for the soft
masses of the sfermions and gauginos, and retains a so-
lution to the SUSY avor problem. However, as we have
not yet included a solution to the  problem, we cannot
speak reliably of the soft mass of the Higgs elds.
The gaugino-like case oers simple solutions to
the  problem. Unlike traditional gaugino media-
tion, the gauge mediated (both holomorphic and non-
holomorphic) contributions can compete with the gaug-
ino mediated contributions, changing the size of the
sfermion masses relative to the gaugino masses, while
maintaining avor blindness. As in the original gaugino
mediated framework, the Higgses can either be on our























give A-terms proportional to the Yukawas and a B pa-
rameter. Furthermore, contact terms with the SUSY
breaking brane can contribute to the soft Higgs masses.
We can include all cases as limits of the following pa-
rameter space, although in most scenarios only a few pa-





(the strength of non-holomorphic operators), S
Q
, F=M













. After xing m
Z
, we have twelve continuous pa-
rameters and one discrete parameter (the sign of ).
The most predictive scenario is the gaugino-like case
with Higgs conned to our brane. All soft SUSY break-





, , , S
Q
, F=M andM . One com-
bination can be xed by m
Z
, leaving seven continuous
and one discrete parameter.
Another predictive case is when there are no holomor-
phic mass terms (anomaly-like). In this case, however we









, and B free. The other parameters are
, m
3=2
, , , and M . After xing m
Z
we are left with
seven continuous and one discrete parameter.
One advantage of including messengers is that there
are now signicant contibutions to slepton masses aris-
ing at short distance where their gauge couplings are as
large as those of the squarks. Thus, unlike traditional
anomaly or gaugino mediation, which both predict rel-
atively light sleptons, slepton and squark masses may
now be comparable. Indeed, if these contributions arise
above the GUT scale, they might be universal. Such a
scenario would require less ne-tuning than either AMSB
or ~gMSB.
While the number of parameters is slightly larger than
in mSUGRA, generalized brane world models have a
much richer phenomenology, a basis in a well dened
framework, and no supersymmetric avor problem. In
addition, if CP is only broken on our brane, there are no
phases in the soft parameters and the SUSY CP problem
is solved.
The inclusion of AMSB and ~gMSB in the same frame-
work | both as realistic models | with a limit that
looks like a version of gauge mediation, is a step towards
the \generalized model space" previously proposed [25].
V. CONCLUSIONS
In brane world models of supersymmetry breaking
where gauge elds propagate in the bulk, it is natural
to consider the presence of additional messenger elds
transforming under the MSSM gauge group. The eects
of these elds can drastically change the features of well
known brane world models. In particular, it can solve the
negative slepton mass squared problem within anomaly
mediated supersymmetry breaking, and change the mass
relationships of gaugino mediation.
The phenomenology of these models depends strongly
on the inputs: the size of the extra dimensions and the
mass scale of the messengers in particular. A study of
the phenomenology of these models would be useful.
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